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 Solar energy is very potential to be developed in a tropical country such as in 
Indonesia. This energy source is eco-friendly because it can eliminate air 
pollution such as caused by conventional fossil fuels. This research article 
presents analysis results of a novel grid-connected photovoltaic system using 
low-voltage high-current system. The electrical energy produced by the 
photovoltaic system was sent into the electrical power grid using two or more 
H-bridge current source inverters operated in parallel. The proposed system 
is very suitable for large size photovoltaic system because of its some merits. 
The inverter circuits work generating sinusoidal output currents and 
controlling the power delivered into the grid. The test results of the new 
system showed that the system worked properly as interface between 
photovoltaic system and the electrical grid delivering high ac current with 
low harmonic distortion 
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1. INTRODUCTION 
Generation of electrical energy must be improved both quantity and their service quality in order to 
comply the needs of consumers. The electric power plants can use fossil fuels or renewable energy resources 
for instance: geothermal power, wind power, solar, water and ocean waves as the main energy sources. 
However, because of environment reasons, the renewable energy sources are better choice to solve problems 
incurred by the conventional power plants [1-4]. In case of renewable power generation, solar power plant is 
a renewable power plant utilizing sunlight as its energy source to produce electricity. This power plant uses 
photovoltaic modules to convert the sunlight radiation become electricity. 
The PV system usually be operated as stand-alone system, hybrid system or grid connected 
system [5, 6]. The stand-alone PV system is commonly applied for remote regions where the utility power 
network is not available. In the hybrid PV system, the PV system is operated together with conventional 
power plant such as diesel power generation or with other renewable energy systems such as wind power, 
geothermal, fuel-cell and hydro power systems. In case of PV systems operated in a grid tied system, the PV 
system is tied to the power grid to supply the electricity to the load together with utility power system. In this 
system, power inverter is requisite to proceed and to control the generated electrical power to meet the 
voltage and frequency of utilities [7, 8]. The power inverters can be either voltage or current source type 
inverters [9, 10]. Voltage source type inverters have been commonly available in the market, and used widely 
in the PV power generation. The current source type inverter is an alternative for PV power converter with its 
features such as its reliability, better quality of output current, ease of power control and more immune to the 
power grid voltage fluctuations [11, 12].  
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The electrical energy generated by a photovoltaic (PV) system relies on some environmental factors, 
as intensity of solar energy or sunlight radiation, the position angle of sunlight, and the weather condition. 
Moreover, the reliability and efficiency of the power converter, power quality, solar cell or PV module 
efficiency and the losses incurred in other electrical components will affect the performance of PV 
system [13-15]. Parasitic resistances in a PV module are a cause of PV losses. Even parasitic resistance 
values are small, connecting many PV modules in series will raise the total losses of PV system [16-19]. 
To increase the quality and reliability of electrical energy output, new concepts are absolutely necessary to be 
created especially for the PV power system. 
In this research article, a novel system of grid connected PV system using current source type 
inverter is presented. The system is designed for a low-voltage high-current PV systems to maximize the 
advantages of PV systems and inverter. Operation and performance of the new system were examined in 
laboratory by using computer simulations. Some test results and analysis of the new PV system are discussed 
to explore the achievements and features of the new system. 
 
 
2. PROPOSED SYSTEM 
Figure 1 presents the suggested photovoltaic power generation system. In this figure, the system 
consist of two PV systems with two inverters and two power transformers operated in parallel. For a larger 
PV system size, the system can be extended with more power inverters and transformers. The photovoltaic 
system will convert the sunlight energy become electrical energy in the form of dc voltage. This dc power is 
converted by the power inverter to be sinusoidal ac current and voltage. The inverter works also to control 
the electrical power that will be inserted into the electrical grid. The power transformers step-up the 
inverter’s output voltage to match the power grid voltage and as galvanic isolation. 
 
 
 
 
Figure 1. Proposed PV-inverter system 
 
 
To build the photovoltaic system, this research used PV module from KYOCERA Solar 
manufacturer, i.e. Kyocera KD325 series. Table 1 shows the Kyocera KD325 series specs of PV module used 
in the system. Parallel PV modules were employed to obtain higher dc input current for the power inverter 
circuits. In this system, two photovoltaic array systems were used. One PV array system was constructed by 
six PV modules as indicated in Figure 2. Each PV array system is tied to the electrical grid via a single 
H-bridge current-source type inverter. Hence, total two inverters were used. It is also possible to apply more 
inverters for higher PV power system. 
 
 
Table 1. Photovoltaic module specification 
 
 
 
 
 
 
Parameters Value 
Maximum power 325 W 
Maximum voltage peak power (Vmpp) 40.3 V 
Open circuit voltage (VOC) 49.7 V 
Maximum current (Imax) 8.07 A 
Short circuit current (Isc) 8.69 A 
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2.1.  Power inverter circuits  
The power inverter circuits used in this PV system are the H-bridge current source type inverters as 
presented in Figure 1. A single inverter is composed of four controlled power switches serially connected 
with power diode in order to obtain bidirectional power switch [20], [21]. An important property of current-
source type inverter is the ON / OFF sequence of all IGBT switches. This sequence will determine the quality 
of output current and voltage of the inverter circuits. For current-source type inverter, an open-circuit state is 
highly avoided, since high voltage generated by the dc-link inductor can occur and it can damage the 
switching devices [22-25]. 
A passive LC low pass filter was installed at the output terminal of inverter circuit to filter the 
harmonic components of the inverter’s current and to produce a sinusoidal load current from the three-level 
PWM output current. Each inverter is connected to a power transformer which has winding ratio 1:6. 
The transformer serves as a galvanic insulation among the PV system and the electrical grid. It functions also 
to protect the inverter from the damage in consequence of the faults occurred at the electrical grid side [26]. 
The dc power source consists of some PV modules joined in parallel as depicted in Figure 2. At the PV 
output terminal, a filter capacitor is placed, because the DC output voltage of the PV modules still have a 
large enough ripple, hence the capacitor was required that serves as a filter to minimize the ripples of PV’s 
current and voltage waveforms. 
 
 
 
 
Figure 2. PV array system 
 
 
 
 
Figure 3. Control circuits of DC current source 
 
 
2.2. Control circuits of DC current source 
The DC current control circuits used to produce the DC currents as inputs of the power inverter is 
described in Figure 3. The circuits is composed of an IGBT (Qc) as a controlled semiconductor switch, diode 
(Df), inductor and current sensor. The switch used in this circuits is an IGBT. Based on Figure 3, the PV 
array is used as the dc power supply of the control circuits and power inverter, the diode (D1) functions to 
prevent current not flowing back into PV system, capacitor (C1) serves as ripple filter of PV output voltage. 
The current detector is used to detect and to regulate the current of the PV system to obtain a stable and 
constant dc current [27], [28].  
When the switch Qc is at ON condition, the inductor L1, capacitor C1, and the power load will be 
connected to the voltage source (PV Array). This condition is called ON state. The freewheeling diode (D f) 
will work in reverse bias under this conditions. If the switch Qc is turned-OFF, the borne magnetic energy in 
the power inductor is transfered to the power load. The freewheeling diode (Df) works in conducting mode. 
A proportional-integral (PI) current regulator was applied to regulate the inductor currents. 
The gating signal of the Qc switch is obtained from the ratio of the current signal flowing thru the current 
detector and the instruction signal of current controller. The error was modulated to the triangle waveform to 
generate pulse width signals of the Qc switch. The PI control serves as a reference value of the dc current 
generator circuits and current magnitude flowing in inductor (L1) [29, 30]. 
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3. RESULTS AND DISCUSSION 
In order to attest the feats of the new developed PV system, some computer experiments were done 
by using power electronic simulation software of PSIM. The system as presented in Figure 1 was tested using 
test parameters as presented in Table 2. The two photovoltaic systems were tested under different output 
currents by varying the current magnitude flowing through the inductors of the dc current control circuits. 
It will simulate the real operation of PV system under different condition of sunlight radiations. In addition, 
the operation test under the same reference values of inverter current were also performed. 
 
 
Table 2. Test parameters 
Parameters Values 
Inductor of dc current generator circuits 2.2 mH 
PV output voltage ± 49.7 V 
PV capacitor filter 10 mF 
Power grid voltage 220 V 
ON/OFF frequency of IGBT 22 kHz 
Inverter output capacitor filter 100 µF 
Inverter output inductor filter 1 mH 
Power load R = 8, L =6 mH 
Fundamental inverter’s frequency 50 Hz 
Winding ratio of transformer 1:6 
 
 
Figure 4 shows the output current and voltage at transformer primary side of the first photovoltaic 
system at 20 A output current operation. The first inverter’s current ripples were obviously appeared in this 
condition. Furthermore, Figure 5 presents the output current and voltage wave shapes of the second 
photovoltaic system at 50 A output current operation. It can be viewed that a less ripple of AC output current 
and voltage waveforms was generated at the 50 A operation. Figure 6 (a) and (b) depict the spectra of 
harmonics of the first and second inverter’s AC output current at 20 A and 50 A, respectively. Lower 
harmonic components were acquired for the current magnitude 50 A of second inverter. 
The measured total harmonic-distortion (THD) of AC current occurring in the secondary side of 
transformer for the first PV system was 4.38%. This value was relatively higher than the total harmonic 
distortion of the current occurred in secondary side of transformer of the second PV system which was 
0.79%. Figure 7 presents a comparison of harmonic orders generated by the first and second inverters under 
20 A and 50 A output current operations. Mostly, in the PV system generating a lower output current 
operation, the harmonics components were larger. 
 
 
 
 
Figure 4. Current and voltage waves of the first inverter at 20 A current operation 
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Figure 5. Current and voltage waves of the second inverter at 50 A current operation 
 
 
  
 
(a) 
 
(b) 
 
Figure 6. (a) Harmonics spectra of the first inverter current at 20 A operation, 
(b) Harmonics spectra of the second inverter current at 50 A operation 
 
 
 
 
Figure 7. Harmonic current comparison between the first and second inverter at 20 A 
and 50 A output current operation 
 
 
Furthermore, Figure 8 and Figure 9 show the current and voltage waveforms of PV system under the 
same current operation, i.e. 50 ampere. The harmonic spectra of the first and second inverter systems at 50 A 
output current operation are presented in Figure 10 (a) and (b). The harmonic components of both inverter 
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currents are almost the same. The THD value of these currents waveforms is 1.35797% as shown in 
Figure 11 (a) and (b). Moreover, Figure 11 (c) Denotes the THD value trend of both inverter output currents, 
when the inverters were operated at the same output currents 20 A, 30 A, 40 A and 50 A. The THD values of 
both inverter current waveforms are the same in these conditions. The higher the inverter output current, 
the THD values are decreasing. 
The magnitudes of inverter’s output currents were controlled by adjusting the reference values of the 
PI current controller and varying the modulation index values of the inverter’s pulse-width modulation 
(PWM) strategy. Figure 12 (a) and (b) Exhibit the effect of varying the inverter modulation index to the THD 
values of the currents flowing through the primary and secondary sides of the both power transformers. It can 
be seen in this result that the minimum THD value of the currents were achieved at modulation index 0.9. 
The over modulation index operation at 1.1 increased the THD value of current waveform. 
 
 
 
 
Figure 8. Output current waveforms of the first and second PV systems at 50 A operation 
 
 
 
 
Figure 9. Output voltage waveforms of the transformer primary side of the first 
and second PV systems at 50 A current operation 
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(a) 
 
(b) 
 
Figure 10. (a) Harmonics profile of the first inverter current at 50 A operation, 
(b) Harmonics profile of the second inverter current at 50 A operation 
 
 
  
 
(a) 
 
(b) 
 
 
 
 
(c) 
 
Figure 11. (a) Relation between the THD value and current magnitude of the first inverter for different output 
current operation of the first and second PV systems, (b) Relation between the THD value and current 
magnitude of the second inverter for different output current operation of the first and second PV systems, 
(c) Relation between the THD and current magnitude of the first and second PV system for the same 
current operation 
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(a) 
 
(b) 
 
Figure 12. (a) Relation between inverter modulation index and THD of transformer’s primary side current, 
(b) Relation between inverter modulation index and THD of transformer’s secondary side current 
 
 
4. CONCLUSION 
This paper discussed a novel low-voltage high-current system for photovoltaic power generation. 
The proposed system utilized two or more H-bridge current source type inverters operated in parallel. Some 
new merits can be obtained using the proposed system such as a lower total resistance of the PV system and 
better quality of inverter’s output current. Some computer test results showed that at a higher output power 
operation, a lower distortion of inverter’s AC output current could be achieved by using the proposed system. 
The PV systems operating at the same inverter output current will have a better performance compare to the 
inverter systems with different output current operation. 
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